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INTRODUCTION

Iaformation concerning the lowest altitude range where the military
flyer may experience symptoms of decompression dus to rapid ascent, is
of much importance in deciding the levele of cabin or cockpit pressurs-
ration required in military aircraft. The evidence, thus far, suggests
that the range from 20,000 to 30,000 feet is critical in-as-much as de-
compression symptoms are slight below 20,000 feet and severe above
30,000 feet. Hence, & review of the information available in the lit-
erature dealing with ths incidence of symptoms of decompression illness
at this altitude range is timely. There are data showing the incidence
and severity of symptoms at 20,000, 23,000, 25,000, 26,000, 28,000 and
30,000 feet. There are case reports of the occurrence of symptoms of
decczpression illness at as low an altitude an 10,000 feet.

Thare are a largs number of variables which influence the incidence
and severity of symptoms of decompression. In a group of healthy young
males, such as comprise the personnel in military aviaticn, many of these
variables are unimportant. There are four and psrhaps five major ones,
however, which are very important in determining the incidence and sever-
ity of decompression illness symptoms in aviation.

The first of these variauvles is an obvious one and concerns the fac-
tor of altitude gained or degree of decompression. Tho greater the decom-
pression the more marked are the symptoms from both the standpoint of in-
cidence and severity. This variable influsnces also the time of onset of
symptoms. N

A second mejor varisble is the rate of ascent or the rate of change
of decampressicn. Slow ascent or dscompression permits the body to ad-
Just to the changing environment and so permits the maintenance of a dis-
solved gas equilibrium with the ambient atmosphsric pressure. In future
aircraft employing human beings as pilots the rate of decompression will
be such that little opportunity will be afforded for adjusting to this
changing envirombent. Indeed, there are aircraft now available capable
of creating this situation. The importance of this factor in the light of
recent work on explosive decompression may not be important.

The third important variable is that of the duration of the exposure.
A certain length of time is necessary for the development of symptoms
vhich varies inversely with the increasing altitude. It will be geen in
gome of the results of experiments already performed that serious symptoms
of decompression illness may appear as early as ten to fifteen minutes af-
ter reaching altitudes as low as 30,000 feet. Then too, if one is a




"resisfant” individual and hes sndured the exposure without symptoms for
two to thres hours, he has demonstrated his ability to adjust to this new
amblent préssure and has reached squilibrium with respect to dissolved

gases.
's The fourth major factor is that of exercise. It has been demonstrated
N repeatedly that the degree of activity 1s almost directly proportional to

the incidenze mmd meverity of symptoms. Quite often; long exposures can
be tolerated at high altitudes when the individual is at rest., The sams
individual, if physically active, cften suffers severe symptoms even at
lower altitudes.

The fifth factor, frequencty of exposure; is not well understood and
there 18 no general agreemsnt regarding its significance. At lower alti-
tudes, below 30,000 feet, habituaticn may develop, resulting in a progres-
sive increase in tolerance to these altitudes for the person exposed.
However, ab altitudes above 30,000 feet, probably habituation may not ex-
ist, but rather a progreasive decrsase in tolerance to frequently repeated
sxposures.

An attompt will be made t¢ outline theo probable incidence of decom-
pression {liness; both mild and ssvere, st and below 30,000 feet: This
discussion will chiefly teke into consideration ths two most important
variable: previecusly mentioned, namsly, degree of decompressicn and ex-
ercise. The other three wariables can be referred to only occasionally,
because of the inccmpleteness of or variability in the available data.
Even vith rogard to ths typs and severity of exercise, there is so much
veriation that evaluation is difficuit. Thus, the type of exercise per
se may often be respomsible for mild muscle and joint distress. Deep
knee bends 1s an example of exercise which falls into this category.
Knee bending is not a usual exercise for airmen, Suck exercise creates
& problem in diagnosis in-as-much as it may cause symptoms not readily
distinguisheble from the nild aching in joints due to decompression.

REVIEW OF DATA

INCIDENCE OF SIMPTOMS AT 20,000. FEET AND BELOW

Allen’s (1) findings of instances of deccmpression illness at alti-
tudes as low as 10,000 feet {cited in report number one) were in patients
s who had recent joint injury or csseous pathology. However, persons so




injured or Aincapacitated would not be in active fiight status. Therefore,
for all practical purposes, such results can be disregarded. However, it
is realized that injury during the flight may be a precipitating factor.

Houaton's (2) results dealing with instances of joint pain and vis-
ual disturbances at altitudes of from 17,000 to 20,000 feet is likewiecs
not directly applicable to the problem because of the age of the subjects
and the frequseney of exposure.

The results of decompression to altitudes of 20, feet are de-
scribed in reports numbe:r ocne and two of this series 3). In these stud-
ies young healthy subjects were rapidly decowmpressed 10,000 feet per min-
ute snd allowed to remain at 20,000 pressure altitude for thirty minutes,
twice daily, over a period of nearly a month. During the exposure, mod-
erate exercise was performed. In the first study the knee bending type of
exercise was employed. However, since mild symptoms due to this type of
exercise per s@ was thought possible, the exsrcise in the second experi-
ment was changed to raising the feet slternately to a height of 18 inches
once every second. This exercise continued for 30 seconds and was per-
formed every five minutes. The exercise was falt toc be much easier dut
more like that employed by an aviator operating an aircraft.

Ag & result of these repeated decompressions over an extended period
vexry mild symptoms were noted. No severe symptoms were ancountered and
the incidence and severity of the symptoms did not change as the result
of these frequent exposures. Fatigue was the only symptom which in-
creased in incidence, but since this decreased later, it may suggest
some degree of adaptation. It would seem, therefore, that pressuraza-
tion of cabin or cockpit at lewvels up to 20,000 feet equivalent altitude
would not result in severe symptoms of decompression, nor would thare be
an accumulative effect from repeated frequent exposures other than, pos-
sibly, fatigue.

INCIDENCE OF SYMPTOMS AT 23,000 FEET

J.S. Gra.y(l*) has studied the influence of exercise ocn the incidence
of decompression illness at 23,000 feet, His subjects were aviation
cadets, all healthy young males. The rate of ascent to altitude wau
4,000 feet per minute. While at 23,000 feet, each subject sxercised
every five minutes. The exercise consisted of five deep knee bends and
five push-ups against the low pressure chember wall. All "flights" were
planned for either one or two hours duration. The time 2t which descent
was necessary, because of severe decompression illness, is not noted in
their reports. In one group of 195-men flights, in which the exposure
- vas meant to be of twe hours duration, 12.8% had mild symptoms. Thers
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were no severe symptoms. In another group of 117-man flights, in which
the exposure was to lest one hour, €.8% had mild symptoms and 0.9% had
severe asymptoms.

It is seen that with moderate exercise of the knee bending and arm
push-up type the incidence of severe decompression illness at 23,000
feet is negligible. It is, therefore, permissible to assume that if
cabins ar cockpits are pressurized to 23,000 feet, one may sxpect mild
symptoms of decompresgsion illneas; but rarely any severe symptoms.

INCIDENCE OF SYMPTOMS AT 25,000 FEET

SenggJ. studies have been made at 25,000 feet altitude., Gray and
Mzsland have presented data which is based on 128-man exposures of
twe hours duration. The rate of ascent was 4,000 feet per minute. The
exercise cangisted of five deep knee bends and five push-ups against
the low pressure chamber wall every ten minutes. There are no data pre-
sented as to the time of failure during these exposures. The data dem~
onstrate that 10.2% suffered "mild" decompression illness symptoms and
that the incidence of severe symptoms was 1.6%.

Mackensie and Riesen (6) studied the effect of decompression to
25,000 feet ocn a group of enlisted perscnnel and two officers in the
Air Corps. The average age of the enlisted subjects was 23 and the two
officers were aged 30 and 36, All were in gocd health. The exposures
were two to four days apart. The rate of ascent was 3,000 feet per
minute with oxygen used frcm 18,000 feet with the auto-mix on. The ex-
ercise consisted of five deep knee bends and five arm bends holding a
fourteen-pound weight. The exercise was performed every ten minutes.
No severe bends symptoms occurred.

Ferris, Webb, Engel, and Brown (7) in o study emphasizing the var-
isbles of exercise; altitude, and denitrogenation found that when they
exercised their subjects every three minutes, doing fiwe deep knee bends
at 25,000 feet, the incidence of severe bends was the same as at 35,000
feet in resting subjects. Symptoms, of such severity as ¢to require
descent, occurred in 10% of the individuals after periods of exposure
range from 55 minutes to two hours.

It is apparent that an increase in the incidence of eymptoms has
taken place whon 25,000-fest szposures at 25,000 feet are compared with
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exposures at 23,000 feet, The factor of exercise is seen to be very im-
portant in dbringing sbout the increase in incepacitation. The incidence
of decompression illness in & group performing smoderate exercise frcm
one to two hours would be sufficient to be a defiuite problem. The in-
zidence in the resting or light exercise group would probably uot be a
factor at 25,000 fest.

INCIDENCE OF SYMPTOMS AT 26,000 FEET

There are two reports availeble on the specific incidence of de-
compresaion ilIness at 26,000 feet. One report by Mackensie and Riesen
Spusing en identicel experimental procedure described 4s having been
used by them af 25,000 feet, gave an incidence of incapacitating symp-

toms of 21%.

In another report by Smedel at al (8), in which a large number of
aviation cadets were given an exposure of 20 minutes duration at
26,000 feet following an ascent at the rate of 5,000 feet per minute,
17% of the exercising subjects experienced mild symptoms and 1.4t% had
severe aymptoms, In the resting group there were no severe symptoms,
1.5 had mild distress.

In the above menticned studies it is readily seen that the expsr-
imental design differs considerably. The amount and severity of both
the exercise and the exposure are not similar. Since these are two of
ths most important etiologic factors in decompression iliness, the dis-
crepancy in the percent incidence of symptoms is easily explained.

INCIDENCE OF SYMPTOMS AT 28,000 FERT

Mackensie end Riesen (6) used the same group as previously described
during the review of the results of decompression to 25,000 fest in a
study at 28,000 feet. The experimentsl plan called for an ascent at a
rate of 3,000 feet per minute to maximum altitude using oxygen from
18,000 feet. The exsrcise was again five deep knee bends and five arm
bends holding a fourteen-pound weight and vas performed every ten min-
utes. As the result of this type of exposure, severe decompression
111ness symptoms were found in from 206 to 41% of the subjects. Smedal,
Brown and Hoffman (8) exposed 65 men, once only, to 28,000 feet for
twenty minutes. The rate of ascent to this altitude was 5,000 fest per
minute and the subjects exerciced every three minutes psrforming five
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deep Imee bends and five arm bends without holding a weight, The decom-
pression chamber was at room temperature, The per cent incidence of
severe symptoms of decompreasion illness was 12.3., A similar 12.3% ex-
perienced mild symptoms.

The factor of exercise agein determines to what degree ssvere de-
compression illness symptoms will occur at this altitude. The differ-
ence in the results of the two above mentioned experiments lies in the
difference in the degree of exercise. In exercising airwen, it is ob-
vious that a considerable number will experience sevsre decompression
1llness symptoms at 28,000 feet.

INCIDENCE OF SYMPTOMS AT 30,000 FEET

Ferris, Webb, Engle, and Brown (7) found that the total incidence
of symptoms at 30,000 feet, when subjects exercised every three minutes,
doing five desp knee bends, was the same as at 35,000 feet. However,
the number of forced descents at 30,000 feet was much lower than at
35,000 feet, These forced descents at 30,000 feet began as early as
twenty minutes at altitude. Twenty per cent of the subjJects were
forced to descend by thirty minutes and 35% by the end of sixty minutes.

In 135-man exposures at 30,000 feet following an ascent at 4,000
feet per minute, during which the subjects did five deep knee jpends
ond five push-ups against the chamber wall, Gray and Masland ( found
an incidence of 15.5% severe bends which forced descent.

Smedal, Brown, end Hoffman (8) as the result of observing 92-man
flights tc 30,000 feet for twenty minutes each, during which the sub-
Jjects exercised overy three minutes, doing five deep knee bends and
five am bends, found an incidence of 11.5% severe "bends" pain and
18% mild "bends" pain. In resting subjects, of which there were 21lL-
man flights, there was no severe "bends" pain at 30,000 feet and only
4.3% of mild symptems.

The following data (9) obtained recently at Pensacola are offered
with a view toward predicting the probable incidence of symptoms of de-
compression illness at an altitude of 30,000 feet. Seven hundred and
fifty-three persoms axperienced a twenty-minute exposure to a simulated
altituds of 30,000 feet in a decompression chamber. The temperature,
vhile at this degree of decompression, averaged -30° F. Half of the
753 persons exercised and the other half rested. The exercise consisted

-6 -

R A4S S 1t




in doing five deep knee bends and five arx bends every three minutes.
Ninety-three individuals experienced severe Jjoint distress. Of the
93, 69 were in the exercising group. The location of the pain, pro-
bably because of the type of exercise, was for the most part in the
knees; 46 subjects losalizing the pain in the knee. This incidence
of 1293‘%Byith .severs joint pain compares favorably with an earlier
report of an incidence of 11.5% severe bends symptoms in exer-
cising personnel at a simulated altitude of 30,000 fest.

SUMMARY AND DISCUSSION

It 18 obvious that symptoms of decompression will result from
the exposure of persons to altitudes of from 20,000 to 30,00 fest.
At 20,000 feet, few or no severe symptoms of deccmpression will re-
sult, even if the subjects ars moderately active, Between altitudes
of 20,000 and 25,000 feet and with exarcise, the incidence of severe
decampression 1llness symptoms wiil wndoubtedly be low. At 25,000
faet, with the additional factor of ezxercise, incapacitating symptoms
will occur in a small percentags of persons. Again, the actual in-
cidence will depend in a large part upon the amount of activity on
the part of the individusl. When altitudes of 28,000 and 3G,000
feet are reached, it has bwen shown tbat the incidence of severe de-
compression illness symptoms in exercising subjectis may vary from
10% to 40f. The officiency of flyers, in aircraft with internal
cockpit or cabin pressurized at 28,000 to 30,000 feet, will depend
considerably on the amownt of physical work involved. If the ac-
tivity is 1ittle, the great majority can expect to remain for long
periods at a pressure altitude of 30,000 feet without symptomes of
gsevere decompresaion iliness., The variable of repetition of e&x-
posure, which is felt to be important and of which we still know
very little, may prove to bs a deciding factor in military aviation
with regard to the incldence of symptoms of decompression illness.
Such repeated exposures have been sesn to result in a fitigue pro-
blem. A revival of the altitude tolerance classificeaticn, substi-
tuting repeated for single exposures in decompression chambers in
order to find their tolerence to decompression, might prove worth-
while,




CONCLUSION

Preasurfzation of aircraft cockpits and cabins to a pressure alti-
tude of 30,000 feet will result in the production of symptoms of decom-
prression illness. The severity of the symptoms and hence the probability
of incapacitation will be directly proportional to the amount of physical
activity. carried out by the individual occupying such a cabin or cockpit.
Prensulﬁ'zation of aircraft cockpits and cabins to altitudes below 30,000
feel will progressively lower the incidence and severity of symptoms of
decompression illness. It is unlikely that very severe symptoms will be
encountered at altitudes below 23,000 feet in military aviation.
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